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INTRODUCTION
Rhode Island requires water-quality data to preserve, protect, and enhance the quality of its ground and surface waters. Additionally, the State must monitor and control the water quality of its streams to meet the requirements of Federal law. Waterquality data are required to (1) prepare comprehensive water-pollution control plans, including the establishment of effluent limitations for point-source discharges; (2) develop information on the causes and effects of reduction in (or increase in) pollution; (3) determine water quality of major rivers on a regular basis and appraise long-term quality changes; (4) promulgate, revise, and modify State waterquality standards for surface water to protect the public health and welfare, promote the economic development of the State, and enhance the quality of the State's water for present and future uses; and (5) evaluate the success of management strategies for surface-water quality.
The U.S. Geological Survey requires information on water quality to accomplish the Bureau's mission to appraise the quantity, quality, and use of the Nation's water. Two sites, Blackstone River at Millville, Mass., and Pawcatuck River at Westerly, are NASQAN (National Stream Quality Accounting Network) sites. NASQAN is a set of 438 stations on rivers nationwide where many waterquality characteristics are measured regularly. The major objectives of the NASQAN program are to (1) account for the quantity and quality of water moving within and from the United States; (2) depict the areal variability of stream quality; (3) depict the temporal variability of stream quality; and (4) detect long-term trends in stream quality.
Samples from additional sites were needed to improve spatial coverage of the State and to supplement the information collected at the NASQAN sites. To address these problems, a program to collect water-quality data from four additional Rhode Island streams, plus additional data to supplement the two NASQAN stations, was initiated in October 1978 in cooperation with the Rhode Island Department of Environmental Management.
Purpose and Scope
Specific objectives of this report are to (1) determine temporal trends in concentrations and/or loads for selected water-quality constituents and (2) provide information of the spatial variations of water-quality constituents within Rhode Island streams. An earlier report, Water Quality of Rhode Island Streams (Briggs and Feiffer, 1986) summarized the water-quality data available through September 1983 . This report provides an update on water-quality samples collected and analyzed since the previous report and at the same time summarizes all available water-quality data for the stations in the study. Data from the stations have been published annually each water year (October through September), in the series of publications, "Water Resources Data for Massachusetts and Rhode Island" (U.S. Geological Survey, 1979-89) . Additional data collected prior to 1978 are included in the summary.
Description of the Stream Stations
Six water-quality stations were chosen for the study. Five of the sites are located within Rhode Island, whereas the sixth, Blackstone River at Millville, Mass, is located upstream from the Massachusetts-Rhode Island border (figure 1). This latter site provides information on the water quality of the Blackstone River as it enters Rhode Island. Table 1 lists the Survey's station number, name, period of record, location, and any remarks about each site. The period of record indicates the years in which water-quality samples were collected and indicates that the analytical results are included in the summaries of data later in this report. All six sites are located downstream from regulated stream reaches. The Pawtuxet River is heavily regulated by the Scituate Reservoir, the Hat River Reservoir, and power plants. The Branch River at Forestdale is not actively regulated but there are old mill dams upstream from the sampling site.
The Rhode Island Department of Environmental Management (1988) established a water-use classification system that allows all of the freshwaters of the State to be assigned to one of the classes listed below. The stream classification system serves a dual purpose of setting desirable goals for achieving improved water quality and of reporting present water-quality conditions in the stream segment. The freshwater classes are:
Class A: Drinking-water supply. Class B: Public water supply with appropriate treatment, agricultural uses, bathing or other primary contact recreational activities, and fish and wildlife habitat. Class C: Boating or other secondary contact recreational activities, fish and wildlife habitat, and industrial processes and cooling. Class D: Migration of fish and good aesthetic value. Class E: Nuisance conditions limiting use to certain industrial processes and cooling, to power production, and to navigation. Class D and E are used only to describe an existing condition. Neither class is considered as an acceptable goal for any waters of the State.
The Rhode Island Department of Environmental Management (1988) rates the present waterquality conditions at all of the sites as class C, except for the two Pawtuxet River sites which are classified C/D. Desirable goals for all of the sites are class C, except for the Branch River at Forestdale which has a goal of class B.
METHODS OF STUDY
Characteristics and constituents currently measured as part of the Rhode Island water-quality program are listed in table 2. Water samples are collected monthly for analysis of major nitrogen and phosphorus species, bacteria, and selected physical constituents and twice-yearly for analyses of common chemical constituents, trace elements, and organic compounds. The twice-yearly samples are collected during periods of high and low streamflow. Once yearly during periods of low streamflow, bottom materials are collected for analysis of organic compounds. Additional chemical constituents are included in analyses for the NASQAN program and as part of various hydrologic studies. These additional constituents are included in the summary of Samples for bacterial analysis are collected at one point in the stream and dissolved oxygen and temperature measured at one point. Other water samples are collected using fluvial-sediment sampling techniques described by Guy and Norman (1970) . Briefly, depth-integrating samplers are lowered and. raised at a uniform rate throughout the depth of the stream using sampling procedures called depth integratioa The water-sediment mixture accumulates from all points in the sampled depth so that at every point an incremental volume of the mixture is collected that is proportional to the flow velocity at that point. Samplers are designed so that the water-sediment mixture moves with no acceleration as it leaves the ambient streamflow and enters the sampler intake. Depth-integrated samples are collected across the cross section of the stream and combined into one sample for analysis. Use of these techniques ensures that samples collected for analysis of chemical constituents contain representative subsamples of both the dissolved and suspended material passing through the stream cross section at the time of sampling. The term "total" used with a constituent means that the sample consists of a water-sediment mixture and that the analytical method determines all of the constituent in the sample. The term "total, recoverable" is the amount of a given constituent in solution after a representative water-suspended sediment sample has been digested by a method (usually using a dilute acid solution) that results in dissolution of readily soluble substances only. Complete dissolution of all paniculate matter is not achieved by the digestion treatment and thus the determination represents less than the "total" amount. A "dissolved" constituent refers to that material in a representative water sample which passes through a 0.45-micrometer membrane filter. This is a convenient operational definition of a dissolved constituent used by Federal agencies and many State agencies that collect water samples.
Bottom material samples are collected using techniques described by Guy and Norman (1970) . Streamflow values are either from measurements made at the time of sample collection or from a stage-discharge rating (Rantz and others, 1982) . Specific conductance and pH were measured using methods described by Wood (1976) , and dissolved oxygen concentration was measured using a dissolved-oxygen meter and techniques described in Fishman and Friedman (1985) . Samples collected for laboratory analyses were preserved in the field and immediately shipped to the Survey laboratory in Atlanta, Georgia, until early 1985. Since then, the samples have been analyzed by the Survey laboratory in Arvada, Colorado. Sample preservation and analytical methods are described in Fishman and Friedman (1985) , Britton and Greeson (1989) , and Wershaw and others (1987) .
Certain constituents often are not found in a sample of water from a stream. For example, the concentration of trace elements, organic compounds, or bacteria may be below the reporting level of the analytical procedure. The reporting level, which may be higher than the detection limit, is the lowest measured concentration of a constituent that may be reliably reported using a given analytical method (Feltz and others, 1985) . Normally these results are reported and published as < (less than) the reporting level of the analytical procedure used for the determination. Reporting levels (Feltz and others, 1985) for any particular constituent in this study are listed in the summary tables shown later in this report. Reporting levels may have varied during the study; however, the listing is typical for each constituent The actual values are available for each analysis in "Water resources data for Massachusetts and Rhode Island" (U.S. Geological Survey, 1979-89) .
When summarizing a number of analyses using statistical techniques, the values less than the reporting level must be considered. For this report, all less-than values have been converted to zero. In all tables for constituents with a reporting level, a value of zero should be interpreted as less than the reporting level of the constituent
Results from determination of the number of bacteria in a sample of water may occasionally be reported as > (greater than) a value. For this report, the > sign was dropped and the value included in the statistics. In the summary tables showing maximum values for bacteria counts, the actual value may have been greater than the maximum shown. Again, the actual values for each analysis are available (U.S. Geological Survey, 1979-89) .
WATER QUALITY OF STREAMS
There is no clear, simple, quantitative way to describe the term "water quality." In practice, the quality of a water resource is determined by various measurements of physical, chemical, and biological characteristics. Results of the measurements can be compared with water-quality criteria to judge the suitability of the water for a particular use. There are several different sets of criteria, depending upon the intended use of the water. Water that meets the criteria for one particular use will not necessarily meet the criteria for other uses.
Discussions in the subsections that follow deal with the results of measurements of selected waterquality characteristics, and relate the results to some of the criteria for certain water uses. The Rhode Island Department of Environmental Management (1988) Agency, 1988a Agency, , 1988b ; and recommended criteria proposed in miscellaneous articles and reports.
In some cases, criteria are cited which do not apply to the given stream or are more stringent than would normally be imposed on the stream. For example, drinking-water criteria may be cited even though the stream is not used as a drinking-water source. The criteria are used to give the reader benchmarks with which to compare concentrations of constituents in the stream.
Additional confusion occurs in trying to decide if drinking-water criteria should be applied to "total," "total recoverable," or "dissolved" constituents. Most of the criteria for domestic water supplies apply to water which is delivered to the tap of the ultimate user of a public water system. Water from a stream used as a drinking-water source may have been filtered or otherwise treated to remove paniculate matter. While drinking-water treated in this way may not meet the strict definition of "dissolved" given above, an analysis of the water will probably be closer to a "dissolved" analysis of the source water rather than an analysis for "total" or "total recoverable" constituents. If the drinking-water has been chemically treated, the analytical results will be quite different from the dissolved analyses of the untreated water. In this report, drinking-water criteria may be compared with "total," "total recoverable," or "dissolved" constituents. Again, drinking-water criteria are used to give the reader a benchmark with which to compare concentrations of constituents within the stream.
Major Inorganic Chemicals
The major inorganic chemicals dissolved in water often are termed "common constituents" because these substances generally dominate the total mass of dissolved material in water and have been the subject of most chemical analyses performed by the Survey in the past. A summary of data on major inorganic chemicals measured at each station is included in table 3. Also included in table 3 are physical measurements of the water such as specific conductance and temperature, biological measurements, and measurements of streamflow and suspended sediment. These summaries include all data for the period of record for each site shown in table 1.
Calcium, Magnesium, and Hardness Calcium and magnesium are widely distributed in the common minerals found in rock and soil. The presence of calcium and magnesium along with other metallic elements such as iron, strontium, and manganese, cause hardness in water. Many industrial and domestic water users are concerned about hardness. Hard water requires more soap and synthetic detergents for home laundry and washing than does soft water, and contributes to scaling in boilers and industrial equipment. In this report, hardness is reported as an equivalent concentration of calcium carbonate, CaCC^. General guidelines for classification of waters are 0 to 60 mg/L (milligrams per liter) as CaCOs is classified as soft; 61 to 120 mg/L as moderately hard; 121 to 180 mg/L as hard; and more than 180 mg/L as very hard (Durfbr and Becker, 1964) .
At all the study sites, mean concentrations of calcium, magnesium, and hardness were low compared to other regions of the United States (Briggs and Ficke, 1978) . Mean hardness was in the soft water category at all sites, and maximum measured hardness was in the moderately hard range at only two sites; Pawtuxet River at Cranston and Pawtuxet River at Pawtuxet. No measured concentrations during!983-88 were outside of the soft range.
Sodium
Sodium, which occurs naturally in rock and soil material, may increase in streams because of human activities. Salting of roads to remove ice and snow during winter months is one source of increased sodium and chloride concentrations. The most restrictive drinking-water criterion for sodium is 20 mg/L (U.S. Environmental Protection Agency, 1986). This criterion was set to protect individuals who may be on "very restricted sodium diets." Mean sodium concentration at Branch River at Forestdale and Pawcatuck River at Westerly meet this criteri- 
Chloride and Sulfate
The presence of chloride can adversely affect taste in drinking water, and can cause corrosion and other problems in industrial water supplies. A large concentration of sulfate in drinking water is undesirable because of its laxative effects. To prevent these effects, a recommended criteria of 250 mg/L for chlorides and sulfates in domestic water supplies was set by the U.S. Environmental Protection Agency (EPA) (1988b). The highest concentrations of chloride and sulfate measured in the study area for the entire period of record were 82 and 85 mg/L, respectively, and 59 and 41 mg/L during the 1983-88 period. Mean chloride concentrations were greatest in the Pawtuxet River at Pawtuxet and the Blackstone River at Millville, Mass. The mean sulfate concentration was greatest in the Pawtuxet River at Pawtuxet
Fluoride
A concentration up to about 1 mg/L of fluoride is considered to have a beneficial health effect in drinking water by reducing tooth decay. However, large concentrations of fluoride can produce dental fluorosis mottling and chipping of tooth enamel. While there are relatively few analyses of fluoride at the six sites, the concentrations were low. Measured concentrations ranged from 0.0 to 0.5 mg/L.
Major Nutrients
The major species of nitrogen and phosphorus are commonly found at low concentrations in natural waters. Significant concentrations of nitrogen and phosphorus in streams are usually the result of inflow of municipal or industrial wastewater or runoff from agricultural areas. This nutrient enrichment is undesirable because it may lead to algal blooms, which subsequently can reduce the dissolved-oxygen concentrations.
Frequently, there is confusion caused by the units used in the reporting of concentration of nitrogen and phosphorus. Some investigators report the concentration of ions as mass of the ion's oxide per unit volume, such as nitrogen as NGj (nitrate) and phosphorus as PO4 (phosphate). Other investigators report only the mass of nitrogen or phosphorus, such as nitrogen as N and phosphorus as P. The latter method is used throughout this report and gives results considerably different from the former method. For example, 1.0 mg/L of nitrate nitrogen as N, is equivalent to 4.4 mg/L of nitrate, NC>3. Differences may also be found in the schemes for reporting nitrogen and phosphorus as dissolved, suspended, or total. Data in this report are presented for "dissolved" and "total" concentrations.
Nitrogen
The most common nitrogen forms found in water are nitrate, nitrite, ammonia, and organic nitrogen. For a particular analysis, results can be summed for these constituents and reported as "nitrogen." Organic nitrogen is nitrogen included within complex carbon-containing molecules formed by plants and animals. Waste material from living organisms, as well as their remains after death, are decomposed by bacterial action releasing nitrogen compounds. Organic compounds containing nitrogen are further broken down by bacteria into ammonia. Ammonia is converted by other bacteria to nitrite and then rapidly into nitrate in the presence of oxygen.
Criteria for nitrogen in water are generally based on the nitrate concentration as N. EPA (1988a) specifies 10 mg/L as the maximum allowable concentration of nitrate nitrogen for drinkingwater supplies to provide human health protection. Criteria vary on maximum concentrations of nitrate for the protection of aquatic life that is, levels that will not lead to nuisance growths of algae and other aquatic plants. The U.S. Council on Environmental Quality (1975) used a maximum concentration of 0.6 mg/L of nitrate nitrogen as a "benchmark" level for aquatic-life protection, suggesting that higher levels are indicative of undesirable eutrophication. Other criteria for nitrate nitrogen established across the country to limit eutrophication range from 0.10 mg/L in pristine waters to 3 mg/L in less sensitive waters. A study of 346 sampling points on major rivers within the United States showed that nitrate nitrogen levels were below 1.0 mg/L at 85 percent of the sites and below 0.5 mg/L at 65 percent of the sites (Briggs and Ficke, 1978) .
Mean total nitrate plus nitrite concentrations were lowest in the Branch River at Forestdale and in the Pawcatuck River at Westerly, with values of 0.268 and 0.400 mg/L, respectively. Nitrate plus nitrite data were used for comparison with the nitrate criteria since the nitrite concentration is quite small compared to the nitrate concentration. Also, there are more determinations of nitrate plus nitrite than there are of nitrate alone. Highest mean total nitrate plus nitrite values were in the Blackstone River at Millville, Mass., and in the Blackstone River at Manville with 1.46 and 1.07 mg/L, respectively. Although these values are lower than the EPA drinking-water criterion, they are in a range that could cause growth of excessive quantities of aquatic plants if the water were impounded in a lake and if the supply of other essential nutrients was sufficient. Total nitrogen concentrations were lowest again in the Branch River at Forestdale and in the Pawcatuck River at Westerly, with mean values of 0.905 and 0.897 mg/L, respectively. Highest mean concentrations were in the Blackstone River at Millville, Mass., and in the Pawtuxet River at Pawtuxet with mean concentrations of 3.18 and 2.91 mg/L.
Phosphorus
Phosphorus data are reported as "total phosphorus as P" and "total orthophosphate phosphorus as P." Total phosphorus includes all forms of phosphorus such as soluble orthophosphate, soluble hydrolyzable phosphorus, soluble organic phosphorus and phosphorus associated with colloidal material and both inorganic and organic suspended material. Even though orthophosphate phosphorus is the only phosphorus form that is readily available as a plant nutrient, the total amount of phosphorus is an important environmental measurement because phosphorus may be converted by biological or chemical means into orthophosphate phosphorus.
EPA (1976, 1986) proposed a phosphate phosphorus criterion of 0.05 mg/L as P for any stream at the point where it enters a lake or reservoir and 0.025 mg/L within the lake or reservoir. This criterion is established to prevent or control nuisance aquatic plant growth. The U.S. Council on Environmental Quality (1976, p. 27 ) has suggested maximum concentrations of phosphorus of 0.1 mg/L for aquatic-life protection.
Rhode Island Department of Environmental Management (1988) regulations allow no new discharges of wastes containing phosphates into or immediately upstream from lakes or ponds. Phosphates are to be removed from existing discharges to the extent that such removal is or may become technically and reasonably feasible.
Orthophosphate 
Bacteria
Natural waters contain many species of bacteria; some are pathogenic, or disease causing, but fortunately most are harmless. People, of course, are concerned mainly about those that present a threat of disease. It is impossible to monitor for all forms of pathogens. Instead, ground and surface waters are examined for signs that these organisms may be present. Classically, this has been done by monitoring for "indicator" organisms in the socalled coliform bacterial group and, more recently, in the fecal streptococci group. The logic of the scheme is that (1) indicator bacteria, which occur in large numbers in fecal material, show the presence of fecal contamination, and (2) contaminated waters are likely to contain pathogens in numbers proportional to the numbers of indicator bacteria.
At the six stations studied, bacteria samples were collected to determine numbers of (1) fecal coliform bacteria, those members of the coliform group found in the feces of various warm-blooded animals, and (2) fecal streptococci bacteria, which are also found in the intestines of warm-blooded animals. Most criteria for water quality are written in terms of fecal coliform bacteria. For body-contact sports such as swimming, the EPA (1976) set a criterion that the fecal coliform bacteria count should not exceed a log mean (geometric mean) of 200 per 100 mL (milliliters) of sample in a minimum of five samples collected over a 30-day period. In addition, not more than 10 percent of the samples collected during the period should have a count that exceeds 400 per 100 mL. Water Quality Criteria 1972 (National Academy of Sciences and National Academy of Engineering, 1972) recommended that raw waters used as a source for public supply contain not more than 2,000 colonies of fecal coliform bacteria per 100 mL.
Rhode Island Department of Environmental Management (1988) has set the desirable goals for water quality as class C for all stations in this study except for the Branch River at Forestdale, which has a goal of class B. Qass C waters are waters for boating or other secondary contact recreational activities, fish and wildlife habitat, and industrial processing and cooling. No applicable fecal coliform bacteria criteria have been established for class C waters. Class B waters in Rhode Island are used for public water supplies with appropriate treatment, agricultural uses, and bathing or other primary contact recreational activities. Fecal coliform bacteria criteria for class B waters state that the counts per 100 mL are not to exceed a median value of 200, and not more than 20 percent of the samples should exceed a value of 500.
At three sites, the Pawtuxet River at Cranston, the Pawtuxet River at Pawtuxet, and the Pawcatuck River at Westerly, median sample counts are low enough to meet the Rhode Island class B criteria. However, samples collected as part of this study were not collected at sufficient frequencies to meet the sampling frequency requirement of the criterion. Each of the two Pawtuxet River sites with low median counts is located downstream from a wastewater-treatment plant These low median counts may reflect the discharge of chlorinated effluent from the plants into the river.
Trace Elements
Trace elements, also frequently called minor elements, are those that commonly occur in relatively small amounts in natural water. Trace elements may also be added to the stream in municipal and industrial wastes. Many are of concern because, even in trace quantities, they may be toxic to people, aquatic plants and animals, or crops when present in irrigation water. Table 4 summarizes trace-element data for the six stations. Table 5 lists selected criteria and the maximum measured concentration of 13 trace elements at the six sites. Unless otherwise stated, the criteria in the following discussion pertain to drinking water or acute aquatic-life protection (U.S. Environmental Protection Agency, 1986 Agency, , 1988a , which Rhode Island has adopted (Rhode Island Department of Environmental Management, 1988) .
In table 5, those criteria listed for aquatic-life protection in soft water vary with the hardness of the water. The softer the water, the lower the aquatic-life protection value. A hardness concentration of 14 mg/L as CaCC>3 was used to calculate the criteria used in this report, since the sites with the softest water were the Pawcatuck River at Westerly with a median hardness concentration of 15 mg/L as CaC(>3 and the Branch River at Forestdale with a median concentration of 14 mg/L. These criteria represent worst-case conditions. To determine whether a value truly exceeds the criterion, ttee hardness of the individual sample must be used to determine the concentration for the criterion; then, this criterion value is compared to the measured value of the constituent of interest. In the following section, the term "potentially exceed" identifies values which exceeded criteria calculated using hardness concentrations of 14 mg/L as CaCO^. These values may not exceed the actual criterion for the particular conditions under which they occurred.
Arsenic. The most stringent criterion for arsenic is 50 u.g/L (micrograms per liter) for domestic water supplies. Of the water-quality sites, the highest measured concentration for arsenic was only 6 ug/L at the Blackstone River at Millville, Mass.
Barium. The maximum concentration of barium was 100 u.g/L at the Blackstone River at Millville, Mass., and at the Pawcatuck River at Westerly. This is less than the drinking-water criterion of 1,000 ^g/L.
Boron. The suggested criterion for boron is a maximum of 750 u.g/L for long-term irrigation on sensitive crops. While irrigation is not a major use of the water from any of the six sites, boron levels were lower than the maximum acceptable limit for irrigation use. The maximum concentration measured was 270 u.g/L at the Blackstone River at Millville, Mass.
Cadmium. The drinking-water criterion for cadmium is 10 u.g/L. This value was reached in (1986, 1988a, 1988b samples from both Blackstone River at Millville, Mass., and Pawcatuck River at Westerly in the total recoverable phase. The maximum dissolved value was 8 pig/L at Blackstone River at Millville, Mass., and 3 pig/L at Pawcatuck River at Westerly. These values potentially exceed the criterion for aquaticlife protection of sensitive fish species of 0.4 pig/L of cadmium in soft water. Chromium. The chromium criterion for drinking water is 50 u,g/L but a more stringent recommended criterion for the protection of aquatic life is 16 ng/L. These criteria are for the Cr6* ion of chromium. Chromium values shown in table 4 are for all forms of chromium, not just the Cr6* ion. The maximum total recoverable chromium measured at any of the six sites was 50 u,g/L at Blackstone River at Manville. All other total recoverable measurements were less than 50 pig/L as were the dissolved values. All sites had maximum values which may potentially exceed the aquatic-life protection limit.
Copper. The drinking-water criterion for copper is 1,000 ng/L but the criterion for acute aquaticlife protection in soft water is 2.8 pig/L. None of the sites had maximum values close to the drinking-water criterion. All of the sites had mean values that potentially exceed the aquatic life criterion and all except the Pawcatuck River at Westerly had median values that potentially exceed the criterion.
Iron and Manganese. Drinking-water criteria were set for iron and manganese not because of the toxic effects of the metals but rather to eliminate the discoloration of porcelain plumbing fixtures and staining of laundry. Limits of 300 pig/L for iron and 50 ng/L for manganese were established to prevent these problems. A criterion of 1,000 pig/L for iron for the protection of aquatic life has been suggested. All sites had total iron concentrations that exceeded the drinking-water criterion and were at or exceeded the limit for aquatic-life protection. The largest total recoverable concentration was 1,900 ng/L at Blackstone River at Millville, Mass, and the largest dissolved concentration was 1,200 ng/L at Pawcatuck River at Westerly, which exceeded the value set for the protection of aquatic life. Pawcatuck River at Westerly was the only station at which the median concentrations of both total recoverable and dissolved manganese were below the drinking-water criterion.
Lead. The criterion for lead in drinking water is 50 ug/L. The highest measured total recoverable concentration of lead was 51 ng/L at Blackstone River at Millville, Mass. The highest dissolved concentration was 14 ng/L also at Blackstone River at Millville, Mass. Lead values at all sites potentially exceed the acute aquatic-life protection criterion of 6.7 pig/L.
Mercury. The criterion for drinking water is the most stringent of any of the metals, 2 ng/L; the acute aquatic-life protection criterion is 2.4 pig/L. At the Blackstone River at Manville, the maximum total recoverable concentration was 1.8 pig/L the highest concentration measured at any of the six sites.
Selenium. Measured maximum values of selenium for both the total recoverable phase and the dissolved phase were well below both the drinkingwater criterion of 10 pig/L and the acute aquatic-life protection criterion of 270 ug/L.
Silver. The drinking-water criterion of 50 pig/ L was never exceeded at the sites. For soft water, however, the acute aquatic-life protection criterion of 0.14 u,g/L was potentially exceeded at all of the sites.
Zinc. Criteria for zinc range from a high of 5,000 ng/L for drinking water to a low of 22 u,g/L for the acute aquatic-life protection in soft water. The maximum dissolved zinc concentration was 470 ng/L at Branch River at Forestdale. Median concentrations at all sites except the Pawcatuck River at Westerly potentially exceed the aquatic-life protection criterion.
Organic Compounds
Analyses were performed for a limited number of organic compounds and are summarized in table 6. The analyses included the material that was dissolved and the material that was sorbed to suspended particulate matter. Many of these were organochlorine compounds such as DDT, which tend to persist in the environment even though they are no longer used or manufactured.
Of the pesticides, lindane was detected at the Blackstone River at Manville with a maximum concentration of 0.02 ug/L and at the Blackstone River at Millville, Mass, and at the Pawtuxet River at Pawtuxet with a concentration of 0.01 pig/L. Dieldrin was found at three sites the Blackstone River at Millville, Mass., the Blackstone River at Manville, and the Pawtuxet River at Cranston. The max- .1 1 .1 1 imum concentration was 0.01 H-g/L, which is below the acute freshwater aquatic life criterion (U.S. Environmental Protection Agency, 1986) but above the chronic criterion of 0.0019 p,g/L. Polychlorinated biphenyls (PCBs) were found at the same three sites with maximum concentrations of 0.1, 0.2, and 2.8 p.g/L, respectively, and at the Pawtuxet River at Pawtuxet with a maximum concentration of 4.3 u.g/L. Criteria for PCBs are 2 u.g/L for the acute freshwater aquatic-life protection and 0.014 H-g/L for chronic exposure. Heptachlor was detected at the Pawtuxet River at Pawtuxet with a maximum concentration of 0.02 H-g/L.
Phenols (phenolic compounds) include a wide variety of organic chemicals, all of which incorporate an aromatic ring as the basic chemical structure. Phenols arise from the distillation of coal and wood; from oil refineries; chemical plants; livestock dips; human and other organic wastes; hydrolysis, chemical oxidation, and microbial degradation of pesticides; and from naturally occurring sources and substances. Some compounds strongly resist biological degradation and can be transported long distances in water. Others may be rapidly broken down by biological action, contributing to lowered dissolved oxygen in the stream. The Rhode Island Department of Environmental Management (1988) has set aquatic-life protection criteria for phenols of 251 n,g/L and 5.6 p,g/L for acute and chronic exposure, respectively. Phenols in excess of the chronic criterion were measured at all sites except for the Blackstone River at Millville, Mass. The highest measured concentration was 86 ^g/L at Pawtuxet River at Pawtuxet. The median concentration, 13 H,g/L at Pawtuxet River at Pawtuxet exceeds the chronic criterion.
Constituents in Bottom Materials
Most samples of bottom materials at all six sites were collected during periods of low streamflow and analyzed for selected trace elements and organic compounds. Although no criteria for allowable concentrations of these compounds in bottom material have been set, their presence in high concentrations may indicate past or present introduction of the materials into the rivers.
Bottom materials are relatively stationary during periods of low to medium flow. During periods of high flow or floods, bottom materials may be resuspended by the increased water velocity and carried downstream where they are then redeposited as the velocity of the water diminishes. In this way, constituents associated with the bottom material are distributed downstream. Table 7 summarizes the bottom-material data for the six sites. Data at a given site exhibit a wide range in concentration. Because bottom materials are seldom distributed uniformly, a "representative" sample or even a duplicate sample is difficult to collect. High flows can redistribute bottom material so that another sample collected at the same site at a later time may contain entirely different concentrations of the constituents of interest.
High concentrations of elements, such as 2,000 (ig/g (microgram per gram) of zinc, 450 p,g/g of chromium, and 41,000 p,g/g of molybdenum at Blackstone River at Millville, Mass., probably derived from wastes which entered the river some time in the past. Lead concentrations were also elevated at several of the sites.
Organic compounds are often sorbed onto sediment particles and move downstream with the sediments. In the water column, PCBs were found at four of the six sites, dieldrin at three sites, lindane at two sites, and heptachlor at one site. In the bottom material, chlordane, DDD, DDE, DDT, dieldrin, and PCBs were found at all sites and aldrin, endosulfan, endrin, heptachlor, heptachlor epoxide, lindane, methoxychlor, and mirex were found at one or more sites. One high concentration of PCBs, 5,400 M-g/kg (microgram per kilogram), was found in 1978 at the Pawtuxet River at Pawtuxet Subsequent samples at this site contained lower concentrations of PCBs but the concentrations were always well above the reporting level.
TRENDS IN WATER QUALITY
One of the most frequently asked questions, "Is water quality getting better or worse?" is one of the most difficult questions to answer. The very nature of water quality means that there will be a considerable variability in constituent concentrations over a period of time. How is one able to look at the record of analytical data and decide if there is a meaningful change in the concentration of the constituent?
The simplest way to identify a change is to compare the data over a period of time. Is the concentration of a given constituent increasing or decreasing? The concentrations of water-quality constituents, such as dissolved solids, are difficult to compare over time because they often are related to the flow of water in the stream. For example, the dissolved-solids concentration in a particular river generally decreases with an increase in flow and increases as the flow diminishes. Examining the record over a period of years may show the dissolved-solids concentration decreasing. If the record began during a drought period when streamflow was below normal and ended during a wet period with stream flow above normal, a trend is apparent. However it is related to the flow of water in the stream and not to a change in the input of the dissolved solids from their source. While this information may be useful, it does not answer the primary concern of most water managers and the public namely, are the efforts to clean up sources of contaminants improving water quality?
The seasonality of data collection also increases the difficulty in comparing data. Streamflows are commonly lowest in the late summer and early fall. If dissolved-solids concentrations vary with streamflow as in the previous example, then concentrations will be higher than average in samples collected during the late summer and early fall. Conversely, at times of the year when streamflow is high, the concentration will be lower than average. If samples were collected in late summer and fall for several years and then later were collected during the spring during high flows, a trend for decrease in concentration would again be apparent. Again, this trend is related to the season during which the data were collected and not to a change in the input of the dissolved solids from their source.
Statisticians have identified other problems in trend detection, including skewness and the serial correlation of the data. To avoid all of these problems, Hirsch and others (1982) derived a modification of Kendall's Tau test known as the Seasonal Kendall test. Smith and others (1982, p. 5-6) briefly describe the test as follows:
The null hypothesis for this test is that the random variable is independent of time. The only necessary background assumption is that the random variable is independent and identically distributed (with any distribution). In this test, all possible pairs of data values are compared; if the later value (in time) is higher, a plus is scored; if the later value is lower, a minus is scored. If there is no trend in the data, the odds are 50-50 that a value is higher (or lower) than one of its predecessors. In the absence of a trend, the number of pluses should be about the same as the number of minuses. If, however, there are many more pluses than minuses, the values later in the series are more frequently higher than those earlier in the series, and so an uptrend is likely. Similarly, if there are many more minuses than pluses, a downtrend is likely. As discussed above, the one common pattern to water-quality variables is that they have a period of one year (other periodicities may exist). Comparing, for example, a January value with a May value does not contribute any information about the existence of a trend, if a seasonal cycle of a 1-year period exists. Thus, we define the Seasonal Kendall test to be the Kendall's Tau test restricted to those pairs of data which are multiples of 12 months apart. Since comparisons are made only between data from the same month of the year, the problem of seasonality is avoided. Thus, the background assumptions given above are relaxed. The random variable may be nonidentically distributed, provided that the distributions 12 months apart are identical. Table 8 shows the results of the Seasonal Kendall test applied to total phosphorus and total nitrogen concentrations and specific conductance. The methods used are fully described in Crawford and others (1983) and Smith and others (1982) . Briefly, the first step is to determine if the concentration of the constituent is related to the streamflow. Specific conductance, although not a concentration, has been treated as one for this analysis. Fourteen different relationships (Crawford and others, 1983) [Trends and regressions are marked with "hs" for highly significant when p is less than or equal to 0.01, and with "s" for significant when p is less than or equal to 0.1. Regression type loglin is log-linear. Slope is marked with a plus (+) for a positive streamflowconstituent relationship, and with a minus (-) for a negative relationship. were tested for each of the constituents at each of the six sites. However, if a relationship existed at the site, either a linear or a log-linear relationship best fit the data. The following equations define these relationships:
Method
C -a + b(Q) linear (1) C-a + bln(Q) log-linear (2) where C is the predicted concentration; Q is the streamflow, in cubic feet per second; and a and b are constants. In table 8, the type of relationship is given under the heading "How-adjusted concentration," along with the sign of the slope of the equation (whether b is positive or negative but not the actual value of b ) for each station and constituent. These equations are labeled with "hs," highly significant, and "s" significant, depending on the p value where p is the probability of erroneously rejecting the null hypothesis that 6=0 that is, there is no relationship of concentration to streamflow. The regression was marked "hs," highly significant, where p is less than or equal to 0.01, and "s," significant, where p is less than or equal to 0.1. While regression p values provide an appropriate basis for deciding when to make adjustments for flow dependency (Smith and others, 1982) , a measure of the predictability of the concentration of the constituent based on flow is given by the proportion of variance explained or/?2. The closer/r is to 1.0, the better the equation fits the data. A negative streamflowconstituent relationship, which is the case for all three constituents and all sites, generally indicates that dilution either of point-source contributions or of subsurface sources is the dominant process. Smith and others (1982) found that this negative relationship for total phosphorus is generally limited to forested basins along the east coast, the Great Lakes, and the California coast. Nationwide, the majority of rivers have a positive streamflow-total phosphorus relationship, indicating that erosion and transport of total phosphorus at high flows is the dominant process.
After the streamflow-constituent relationship was determined, the next step was to run the Seasonal Kendall test on the streamflow, concentration, transport, and the flow-adjusted concentration. Transport, which was computed for total nitrogen and phosphorus but not for specific conductance, is the product of the concentration and the streamflow multiplied by a constant, 0.002697, to give constituent transport in tons per day. The flow-adjusted concentration is the actual concentration minus the expected concentration for that particular analysis calculated using one of the equations given above and indicated on the table.
As Smith and others (1982, p. 20) point out, trend analyses "... will never reveal the cause of a change in stream quality, but they can lead to improved understanding of the kinds of causes to look for." Generally, trends in streamflow will be related to natural variations of flow based on the variations in rainfall. However, if diversion of water from the basin were begun or increased during the period of record, a trend in streamflow would be apparent. Trends in concentration can be important if the concentration is close to an established criterion. Trends in transport reflect changes in the flux of substances through the river system and suggest what might be happening to the rates of output from various sources of the constituent. For example, if a newly installed wastewater-treatment plant removed a significant part of the phosphorus formerly introduced into the stream, a downward trend in phosphorus transport would be apparent A downward trend might or might not be seen in the concentrationif the trend were masked by the variations in flow. Trends in the flow-adjusted concentration indicate that changes have occurred in the processes that deliver the constituent to the river. Using this phosphorus example, a downward flow-adjusted concentration trend should be apparent. Table 8 shows the results of the Seasonal Kendall test. The trend values are shown in percentage terms for ease of comparison. The term 'Trend (percent per year)" is the slope as milligrams per liter, tons per day, or microsiemens (per centimeter at 25 degrees Celsius) per year divided by the average value in milligrams per liter (tons per day or microSiemens) and multiplied by 100. The units in all cases are percent of mean per year. For the flowadjusted concentration, the units are percent of mean concentration per year. Those slopes that are statistically significant at the 10 percent level are marked with an "s," and those at the 1 percent level by an "hs," corresponding to significant and highly significant, respectively.
Results
Trends at the Blackstone River at Millville, Mass., the Branch River at Forestdale, and the Pawcatuck River at Westerly, three sites at which statistically significant trends were found and reported in the previous Rhode Island report (Briggs and Feiffer, 1986) , are again apparent with the additional 5 years of data. Streamflow had a downward trend for the Blackstone River at Millville, Mass., for the period of record. The trend also was downward for transport of phosphorus and nitrogen but the trend for specific conductance was upward for the Millville site. Trends in the flow-adjusted concentrations for the Millville site were not significant, indicating that the observed trends are probably flow dependent. A downward trend in phosphorus concentration reported for the Branch River at Forestdale in the previous report disappeared with additional data and the results now show no change in phosphorus concentration. Nitrogen concentration and transport for the Forestdale site continue to have an upward trend. For the Pawcatuck River at Westerly, phosphorus concentrations also show no change. The flow-adjusted trend for specific conductance at the Westerly site has a small upward trend, which may indicate an increase in the dissolved solids entering the stream independent of the volume of flow. Specific conductance showed an upward trend at the Pawtuxet River at Cranston.
SUMMARY
Compared to other parts of the United States, streams in Rhode Island have low concentrations of common constituents. Concentrations of sodium, for example, never exceeded 42 mg/L for the period 1983-88. Water hardness is generally in the soft range. At several sites, concentrations of major plant nutrients, nitrogen and phosphorus, were in the range which might cause undesirable eutrophication if the waters were impounded. For the six sites, the lowest concentrations of nitrogen and phosphorus species were at the Branch River at Forestdale and at the Pawcatuck River at Westerly.
Median fecal coliform bacteria counts were below 200 per 100 mL for the Pawcatuck River at Westerly, the Pawtuxet River at Pawtuxet and the Pawtuxet River at Cranston. The two Pawtuxet River sites are downstream from waste treatment plants which may discharge chlorinated effluent, lowering the bacteria counts.
